APR-19-2B04 12:02 TORYS LLP TORONTO 



416 865 7380 



Pw. Mail. Acad, ScL USa 

Vol. TO, PP. 2744-274$, April X99* 

Immunology 



Lipopolysaccharide activation of human endothelial and epithelial 
cells is mediated by lipopolysaccharide-bindmg protein and 
soluble CD14 

J£hOme Pi/gin*, Cornelia-C, SchOker-MalvT Didiek Leturcq** Ann Moriakty*. 
Richard J. Ulevitch** and Peter S> Tobias*5 

Tbn Serfppc R«»con:h bstinira. 10666 North Torrey Pinw Bowl. U Jail*, CA 72037; ^oivunrity of California bi £*a Dicto. U Jott*. CA 92091: tod *R- W. 
Johnson Phmaeaniu! Reveueh lauftuit, 1MJ General Aiontes Com, S*i Dprd. CA 92U1 

COmmutUcated by FrftnkJ. Ptxtm, November 30, 1992 



ABSTRACT Myeloid cett activation by HpopoJyswdVA- 
rldes (LPS) involves two proteins, plasma LPS-binding protein 
(LBP) and crfi-membrane CD14. Cdl membrane CD14, an- 
chored by a BlyctrophosphaUdyltaositol taO, 1j the cellular 
receptor for LPS-LBP tomptexea* Another form of GDI*, 
without ibe lipid tail, circulates as a Soluble plasm* protein. Id 
this work we show that soluble CD14 (&CD14) U required for 
activation of endothelial and epithelial cells by UPS. We 
propose that LPS-LBP complexes transfer LPS to &CD14, and 
the LPS-SCD14 complexes then bind to a cellular receptor. 
Support for this pathway comes from experiments in which 
LBP and CD14 In normal human serum arc blocked by specific 
antibodies* experiments in v*hkh semm is replaced fay purified 
LAP and 9CD14, and experiments in which specific binding of 
l J ti]LPS to epithelial cells is qusntltated. 



Exposure to endotoxin (lipopolysaccharide, LPS) during 
Gram-negative sepsis results in the release of numerous 
inflammatory mediators. Cells that release these mediators 
include monocytes/macrophages (Mo>) and granulocytes. 
Two proteins are of principal importance in stimulation of 
these myeloid cells: LPS- binding protein (LBP), a plasma 
protein (1, 2), and CD14, a M* and granulocyte membrane 
protein Q). LBP is a 60-kDa glycoprotein found in normal 
human serum (NHS) at »10 r*g/mJ <4). h binds to LPS via the 
lipid A moiety with an affinity of -HP M~ l (5). CD14 is a 
55-kDa glycoprotein anchored to the M* membrane via a 
glycerophosphatidylinositol anchor (6). The membrane- 
bound CD14 (mCD14) serve a a& a receptor for complexes of 
LPS and LBP (73. Current evidence supports the contention 
that the LBP/CD14-dependent pathway contributes to M4> 
and granulocyte stimulation by LPS under physiologic con- 
ditions. Interestingly , a soluble form of CD14 (sCD14) lacking 
the glycerophosphatidylinositol anchor is also present in 
serum; its origin and function have not been defined (6). 

Endothelial and epithelial cells may also play important 
roles in host responses to LPS during sepsis. Two distinct 
pathways for LPS stimulation of these cell types may occur 
by either direct stimulation by LPS or indirect stimulation via 
cytokines released from LPS-stimulaied myeloid cells (£-14). 
Evidence for both pathways has been provided from in vitro 
studies with primary cell cultures and cell lines. Little is 
understood about the mechanisms that control LPS recog- 
nition and signaling by endothelial and epithelial ceils- Be- 
came theae cells are not known to express mCDJ4, there was 
no reason to consider that LBP and/or CD14 would be 
involved in regulating responses to LPS- However, LPS 
stimulation of endothelial cells has been reported to be 
enhanced by serum, and recently it has been shown thai 
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omi-CDld monoclonal antibodies (mAbs) block effects of 
LPS on bovine endothelial cells cultured in the presence of 
scrum (15). No comparable data are available for epithelial 
cells. 

In this report it is dhown that several epithelial-like cell 
Imes, like endothelial cells, require serum for LPS stimula- 
tion of cytokine release, Importandy* evidence is provided 
for a specific mechanism of LPS stimulation of endothelial 
and epithelial cells that involves LBP and sCD14 and pro- 
vides an explanation for the serum requirement displayed by 
both cell types. These data suggest that LBP and $CD14 in 
blood or in cxtravascular fluids may contribute to the con- 
sequences of endotoxemia by enabling LPS stimulation of 
endothelial and epithelial cells. 

MATERIAL AND METHODS 

Cell Sources. Human umbilical vein endothelial cells (HU- 
VEC) were obtained as described (16) and maintained using 
199 medium (Whittakcr Bioproduct$)/20% fetal bovine &e- 
rum (HyClone)/hcparin at 90 Mg/tnl (Sigma) /endothelial cell 
growth supplement at 30 /ig/ml (Upstate Biotechnology, 
Lake Placid, NY). Identification of the endothelial origin was 
confirmed by morphology and staining with a fluorescent 
anu-ven WiLlebrand factor antibody fltae Binding Site, San 
Diego). SW620 and HT29 cells (human colonic adenocarci- 
noma cell lines) were purchased from the American Type 
Culture Collection (ATCC) (CCL 227 and HTB 38. respec- 
tively; and maintained with Dulbecco's modified Eagle's 
medium (DMEM; Whittaker Bioproduct*)/109& fetal bovine 
*cmm (HyCTone). Medium 199 and J>MEM were supple- 
mented with penicillin at 100 units/ml, streptomycin at 100 
pg/ml, 10 mM Hepes, and 20 mM L-glut&mine (all from 
GIBCO). Human microvascular brain endothelial ceDs 
(HB£Q were provided by Jay A. Nelson (The Research 
Institute of Seripps Clinic, La JoUa, CA) and maintained as 
HUVEC, replacing the fetal bovine scrum by 109& NHS 
(Sigma). 

Reagents, The LPSs used were the Salmonella Minnesota 
wild-type LPS (List Biological Laboratories, Campbell, CA) 
and Kc$95 LPS (17). NHS came from a healthy donor and 
was heated at 56°C for 30 min. For LBP depletion, NHS was 
incubated for 16 ftr at 4«C with a proieio G-purificd IgG 
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preparation at 10 mg/ ml from a goat anti-human recombinant 
LBP antiserum or with nonimmune goat IgG at 10 mg/ ml as 
control. Precipitates were removed by cemrifugaiion. mAb 
, 2BC5 specific for CD14 and mAbs 1E8 and 18G4 specific for 
LBP were isolated from hybridoma culture superoate by 
using the MAPS II kit (Bio-Rad); mAb 1B4 specific for CD1B 
was from K- Arfor?, U Jolla, CA. Rabbit LBP was purified 
from acute-phase rabbit scrum (J). Human *CDl4 was im~ 
mttnopurified from culture supemaiei of CHO cells trans- 
fecied with a plasmid encoding human CD14, using immo- 
bilized mAb 63D3. Human recombinant buerleukin (IL)-10 
was from J. M. Dayer, Geneva. The RPMI 1640 medium, 
NHS, human scnun albumin (HSA: Miles), and LBP were 
found to be free of endotoxin by the Hmulus lysaw assay 
(Whitiaker Byproducts). The $CD14 stock solution (1 rag/ 
ml) used had endotoxin at 5 units per ml, corresponding to S. 
minnesora wild-type LPS at —1 ng/ml- 

CeO Acttraiion Experiments. Microliter plates (Costar) 
were precoated with 0.196 gelatin <Sigma) in phosphate- 
buffered saline (PBS). pH 7.4 (Dulbecco's PBS; Irvine Sd- 
enrific)for 15 min at roam lemperature. One confluent 75-cm 2 
flask of third- or fourth-passage HUVEC was irypsinized 
with L5 ml of trypsin-EDTA (OIBCO), seeded into three 
$&-weH gelatin-coated plaits (200 ;d of cell suspension per 
well), and grown to conflueaey in 2-3 day*. The HBEC were 
treated the same as the HUVEC. Individual confluent 75-em 2 
flasks of SW620 cell* or HT29 cells were trypsinized , as were 
the HUVEC, and the ceils were seeded into two 96-weB 
plates without gelatin coating, achieving eonflueney within 2 
days. Before use, confluent cells were washed three times 
with RPMI 1640 rnedium/HSA at 1 mg/mi. Incubation of cells 
with LPS alone, wiih LPS in the presence of 2% NHS with 
or without additional antibodies, or wiih LPS in the presence 
of purified LBP or CD14 wUh or without added antibodies 
was done in RPMI 1640 medium plus HSA at 1, 2, or 20 
rng/ml, respectively. Control experiment? showed that the 
addition of HSA at 1, 2 t or 20 rag/ml bad no differential effect 
on the outcome of the experiment. All wells received pre- 
mixed incubation medium at 2QQ *d per weD, were done at 
3?°C in 5% COi/10056 humidity, and were done, at least, in 
triplicate. Cell viability after incubations wai tested (18). 

Vascular-Cell Adhesion Molecule 1 (VCAM-1), Intercellular 
Adhesion Molecule 1 (ICAM-1), and Cytokine Assays, After an 
activation experiment culture supemates were saved at 
-20"C for cytokine determinations. Cellular expression of 
vCAM-1 and ICAM-1 was assessed with VCAM-1 or 
1CAM-1 mAb (K&D Systems, Minneapolis) and peroxidase- 
conjugated goat anti-mouse IgG (Cappel Laboratories). IL-6 
and IL-8 levels were determined in supemaiants from HU- 
VEC, HBEC, SW620, and HT29 ceils using commercially 
available sandwich ELISA kits (R&D Systems), 

Bidding Of PHILPS to SW620 Epithelial Cells. The pH]LPS 
was from R. Munford (University of Texas p Dallas) and used 
as described (19)- SW620 cells were grown to confluency in 
6-well plates (NUNC), yielding 7-10 x 10* cells per well. The 
cells were washed three times with RPMI 1640 rnedium/HSA 
at 1 mgtail at 4 a C, after which tbey were incubated in RPMI 
1640 rnedium/HSA at 2 mg/ml at 37 P C for 1 hr, with PH1LPS 
in WMI 1640 medium/HSA at 20 mg/ml or with [ J H]LPS/ 
RPMI 1640/2% NHS/HSA at 1 mg/ml, and with mAbs 28C5 
or IB4 at 10 ug/ml. After incubation the cells were chilled to 
A°C, washed once with RPMI 1640 medium/HSA at 1 mg/ml, 
twioe with PBS, and collected for counting. Results arc 
expressed as pg of pHJLPS bound per well, using 5.8 X 10* 
dpm/jig as the specific activity. 1 Novell" control wells were 
prepared by addition ofDMEM/10% fetal bovine serum to 
wells for several days before treatment exactly as the exper- 
imental wells. 

Crow-Uniting of LPS to Scram Proteins. Rc5?5 LPS was 
derivatiMd <20) and labeled with (21) to produce lM I- 
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labeled ASD r>(^2idosalic^lamido)ethyl l^'-dithiopropi- 
onyl] LPS. The ^I-ASD-LFS was incubated at 500 ng/mJ 
with NHS for 3 min at 3TC and photolysed at 253 am for 2 
min on ice. Human LBP and sCDl4 were iromUnopreCrpi- 
taied with mAb it 50 ^/ml (1E8 and 1 KM for LBP ; 63D3 and 
28C5 for CD14) as first antibodies, and using a rabbit anti- 
mouse IgG at 250 M*/mI fZymed Laboratories) as second 
antibody berth for 3 hr at 4*C Labeling of purified sCD14 by 
t"I-ASI>LPS was studied in a 100-^1 reaction mixture by 
incubating '"I-ASD-LPS at 20 ng/ml with 4.5 x M 
sCD14 in PBS, pH 7.4, at room temperature with or without 
5 X 10 -10 M purified rabbit LBP. At various time* samples 
were withdrawn and photolysed on ice tor 2 mm. Labeled 
serum, immunoprecipitatcc. and proteins were analyzed by 
using SDS/PAGB on a 10-15% gradient gel and autoradiog- 
raphy. After development of the gel, labeled bands were 
excised to quantitaxe the bound ^L 

RESULTS 

Activation of Endothelial Celto by LPS. HUVEC cultured 
with LPS for 6 hr in RPMI 1640 medium/HSA failed to 
secrete a.-* orXsVo" and did not express ICAM-l- In contrast, 
HUVEC cultunsd with LPS/2% NHS released IL-6 and IL-8 
and expressed ICAM-1 (Fig. 1 A-C). Serum concentrations 
>2% did not support higher responses, and a serum concen- 
tration of 0,03% supported only minimal responses to LPS 
(data not shown). Because tfae NHS contains LBP and 
sCD14, two approaches were used to determine whether 
these proteins mediate HUVEC stimulation by LPS. The 
effects of anti-d)14 or ami- LBP were examined firtt. When 
mAb 2SC5 , an airti-CDW. included in the incubation with 
NHS, the ICAM-1, and XL-* responses were 
all abolished. In contrast, the addition of mAb IB4 t an 
antKX>l8. did not change the cell responses, indicating the 
specificity of the anii-CD14 effect. In experiments not shown, 
activation of HUVEC by IL-1£ at 0.1 or 1 .0 ng/ml in 2% NHS 
was not inhibited by mAb 2BC5. A panel of 21 other anu- 
CD14 mAbs were tested for their abilities to inhibit HUVEC 
responses to LPS; MY4 (Coulter), 18E12, and 28C5 (R- W. 
Johnson Pharmaceuiical Research Institute, La Jolla, CA). 
LoMo-1 (Zymed Laboratories), 3C10 (W. Van Vorhee« l 
University of Washington, Seattle), and Cris-6 (Biodesign 
International, Kcnncbunkport, ME) were mhibitow of LPS- 
induced HUVEC activation. 

Because LBP is required for the binding of LPS lo CD14 
(3) ixnmunodepletion of LBP from NHS was tested for its 
ability to block a HUVEC response to LPS/2% NHS, 
Immunodcpletion of LBP from the NHS with goat polyclonal 
fmu-tfiumao LBP) IgG reduced the IL-8 response nearly to 
that seep in the absence of NHS, whereas normal goat IgG 
had no effect (Fig. ID). 

To further test the role of CD 14 and LBP in response* of 
HUVEC to LPS, scrum-free medium was reconstituted with 
sCD14. LBP, or both (see Fig. 2). As shown in Fig. 2A, 
VCAM-1 expression in response to LPS in strum-free me- 
diuoi alone is barely observable. VCAM-1 expression was 
not recovered with rabbit LBP at 1 *cg/ral. However. sCPW 
ai 2 Mfi/rnI did reconstitute the response* A mixture of rabbit 
LBP at 1 ug/ml with human &CD14 at 2 pg/ml gave the same 
response as that seen with %CDU alone (data not shown). As 
with the HUVEC response to LPS/2% NHS, the HUVEC 
response to LPS in the presence of sCD14 was abolished by 
mAb 2SC5 but not by mAb IB4. Essentially identical results 
were obtained with HBEC (data not shown). The results of 
a more stringent examination of the requirement for LBP in 
this system are shown in Fig. 2 B and C. In the absence of 
serum, no IL-8 was secreted over 6 hr in response to LPS at 
0.15 or 0.5 ng/ml. Addition of human sCD14 at 100 ng/ml 
resulted in a modest EL-S response, and the addition of LBP 
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ai 100 ng/ml and CD14 together heightened IL-6 release. 
These data suggest thai the presence of LBP is probably 
important in LPS dose ranges found during endotoxcniie (22). 

Activation of Epithelial Cells by LPS. To determine whether 
LPS stimulation of epithelial cells displayed a similar depen- 
dence upon serum, sCDl4, and LBP, a human epithelial-like 
cell line, SW620, was used. Like HUVEC the SW620 cells 
release IL-8 sfier cxpg&urc to LPS in the presence of NHS 
(see Fig. 3). Fig. 3A shows that LPS alone is not stimulatory 
for these cells, but addition of 2% NHS enables a good 
response to LPS at as tittle ?; 100 pg/ml As with HUVEC, 
anti-CD14 m Ab 28C5 blocked IL-8 secretion by S W620 cells , 
whereas anti-CD18 mAb IB 4 had no effect. In Fig. 30, the 
secretion of IL-8 is seen to be blocked by i mm U no depletion 
of LBP. As shown in Fig. 3C, purified &CD14 partially 
enabled secretion of IL-8, whereas purified rabbit LBP only 
minimally enabled 1L-S secretion- However, when both 
CD14 and LBP were present, IL-8 was secreted at levels seen 
with intact %% NHS, and this response was sensitive to 
anti-CD14 but was not sensitive to anti-CDIS. In kinetic 
experiments using LPS at 0.2 ng/ml or 1 ng/ml. with CD14 
and LBP. the addition of LBP enhanced IL-8 secretion by the 
SW620 celts, as it did for HUVEC (data not shown). These 
data were reproducible with HT29 cells, another human 
epithelial cell line. However. A549 cells, a human cell line 
similar tq pneumocyte type II cells, were not responsive iq 
LPS (data not shown). 



Fig. L Activation Of HUVEC by S. minn*- 
sota wild-type LPS. W 1CAM-1. (fl) 1L-6. (O 
lL-fl. o. Cells incubated with S. minnesota wild- 
type LPS/RPMI 1640 medium; a, LPS/2% NHS/ 
RPMI 1640 medium; a. LPS/2% NHS/»ntl-CDU 
mAb 2BC5 at 5 ^mi, A, LPS/29& NHS/anti- 
CDlS mAb IB4 U 5 iWml- Incubation lime of 
assay was 6 nr. (D) Secretion of IL-8 after 6-hr 
incubation with various LPS owes, o, LPS/ 
RPMI 1640 medium; O, LPS/256 NHS/RPMI 
1640 medium; A, LPS/2% LBP-dtp(*tcd NHS/ 
RPMI 1640 medium; ■. LPS/2% moek-dep)eted 
NHS. 



( 3 H)LPS Binding to 5W620 Cell*, The functional evidence 
for an endothelial and epithelial cell receptor for LPS sug- 
gests (hat $CDl4-dependent binding of LPS to ibcse cells 
should be detectable. Because of the ease with which large 
numbers of the SW620 cells can be grown, these experiments 
were done with SW620 cells. Fig. 4 shows that binding of 
PHJLPS at JO ng/ml to the cells was minimal in RPMI 1640 
medium/ HS A, but this binding was readily observable upon 
addition of 2% NHS. As with activation, binding was blocked 
by anti-CDl4 mAb 28C5 but was not blocked by anti-CE>18 
mAb 1B4. Thus, the specific binding, defined as the binding 
in the presence of 2% NHS that is blocked by mAb 2BC5, is 
M25 pg per well at [ 3 H]LPS ai 10 ng/ml. This quantity 
corresponds to 500 molecules per cell at 10 ng of [ 3 H]LPS per 
ml. A similar binding pattern was seen with concentrations of 
PHJLPS of 5, 3, and 1 ng/ml (data nol shown). At 100 ng of 
l 3 H]LPS per ml, no specific binding was detectable due to a 
high binding of [*H]LPS in the '-no-cell'* control. Binding 
was maximal after 1 hr and could be observed at 3TC or 22°C 
but not at 10*C or 4 fl C (data not shown). 

LPS Binding to CD 14 and LBP. The data described above 
with HUVEC and SW620 cells imply that LPS binds » 
«CD14 and LBP in NHS. To demonstrate this directly, 
115 I-ASD-LPS <500 ng/ml) was incubated for 3 roin at 3T*C in 
NHS and photolysed to crosslink the ^ lo whatever pro- 
teins had bound the LPS. Portions of the semm were then 
immu no precipitated with anti*CD14 and anti-LBP antibod- 
ies, and the labeled serum as well as the irrimunoprecipitates 
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Flo. 2. Activation of HUVEC by S. minnejom wlld-iype LPS whh purified plasm* protein?- (A) vCAM-1 expression- O, LPS/RPMI 1640 
mtdium: o T LPS/piirified rabbit LBP 1 ^fi/ml/RPMl 1640 medium: A. LPS/purUied human sCDH at 2 jig/ml: a, LpS/«CD14 « 2 
Mg/flil/anti-CD14 mAb 2&C5 it 20 pg/ml; *. LPS/aCDH at 2 jig/ml/anu-CDlB mAb IBi ai 20 ^g/ml. (0 and C) Time courses of IL-8 secretion 
by HUVEC. Secretion alimul&led with LPS at 0.15 rt&Sml (£) and LPS ai a_S ng/ml/RPMI 1640 medium (C). O, LPS alone; a. LPS/sCDJ4 at 
100 ng/mL a, LPS/&CD14 at 100 ntfnuVrabbil LBP at 100 ngfail. 
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Fig 3. IL-* secretion by Sw«20 cells an/nulled with 5. Minnesota wild-type LPS . (4)0. LPS/RPMI 1640 medium: a.LPS/2% NHS/RPMI 
1640 medium; a. LPS/2SG NHS/anti^CDW mAb 2BC5 av 5 j«U; * LPS/2% NW/fantOlU mAb IB4 41 5 tfwLW » *£y^J™; 
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Scrum-free conditions, i 

LPS/CDH ulnih . _ 
^g/mJ/LBP at 1 >i^ml/mAb IB4 (anri-CD18) at 1 pa/ml. 
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were analyzed by SDS/PAGE. Fig. 5 shows that the imnui- 
noprecipitaies contain radiolabeled mpieiies wUh mobilities 
expected for LBP and sCDM. The labeled serum displays a 
single weakly labeled band of mobility intermediate between 
LBP and CD14. Examination of the Coomassie-stained gel 
(data not shown) shows that the high protein cement of the 
serum sample severely distorts the electrophoretic mobilities 
ju*i in the 55- to 75-kDa range. 

The data described above also suggest that LBP should 
enhance the binding of LPS to sCDM, as shown in Fig. 6* 
^I-ASD-LPS was incubated with SCD14, with or without 
LBP, at a concemraiion equal to 1% thai of the aCDl4, before 
photolysis. Labeling of the sCDl4 is hardly delectable in the 
absence of LBP even after 30 min, but in the presence of 
LBP, the sCDM rapidly becomes labeled. 

DISCUSSION 
Our work suggests a mechanism to account for the serum- 
dependent stimulation of endothelial and epithelial cells by 
LPS. This mechanism, contrasied wiib what is known about 
LPS stimulation of M*, is depicted schematically in Fig, 7. 
LP5-LBP complexes may react in iwo ways: either, as 
shown previously* with M* mCD14 leading to M0> active 
tion> or alternatively, as. shown in this work, with sCDl4 to 
fgrni sCDl4-LPS complexes. The latter, in turn, react with 
endothelial and epithelial cells, leading to their activation. 
Previous reports have indicated a requirement (15 f 23) for 
serum in endothelial cell responses to LPS and shown that 
ami-Ct>14 antibodies were inhibitory (15)* Here wc establish 
a functional role for sCD14 in the activation of endothelial 



LPS + HSA 




LPS+NHS + 23CJ 



LPSt NH5 + IB4 



0 30 100 150 
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Fig. 4. Binding of PH1LPS (10 ftg/ml) to SW620 cclli in KPM1 
1640 medium to which »ucf been added 2S& ffHS. mAb 2BC5 at 10 
>tg/ml, or mAb IB4 At 10 M*/ml, «s indicated. Binding of 27 pf per 
wtll in Che '"no-cell" control well has been subtracted from the 
reautu (shown a* means and SDs of (ripticale delemniiwuons). Bars 
marked t and tt are significantly different at ? < 0.01 by one-way 
ANOVA, 



cells and demonstration of an identical pathway mediating 
LPS-indueed epithelial cell stimulation. In addition, we show 
CD14~dcpcndem binding of PHJLPS to SW620 epithelial 
cells. 

The individual steps in the activation pathway that we have 
described are all consistent with, the known biochemistry of 
LPS, LBP, and CD14. That LPS bind$ to LBP in acute-phase 
rabbit serum is known (1); thus, the finding that LPS binds to 
LBP in NHS is largely confirmatory. Similarly, functional 
studies of M* activation by LPS strongly indicate that LPS 
binds to mCD14. and the direct interaction of m I-labeJed 
A5T>Re595 LPS with CD14 on THP-1 cells has been ob- 
served (26). The data of Figs. 5 and 6 extend these results to 
&CD14, both in NHS and in purified form. Finally, flic 
documented role of LBP in enabling LPS 10 bind to M4> 
mCD14 suggests that LBP should also be able to foster LPS 
binding to sCD14 f and this has been confirmed (24). Consid- 
erations such as ;hese have led several authors to suggest that 
sCD14 might be important in hto responses to LPS in Wvo 




20 — 




Fig 5. AOtoradiogram of LBP and CDM labeled in NHS witn 
^labeled ASEKR/JP5. 
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Fig. 6. Enhancement of the labeling of CD14 by LB P. A, Label 
incorporated into CD14 without LBP: label incorporated into 
CD14 with LBP. 

(24, 25). Thus, it was unexpected that sCD14-LPS com* 
plc*t$ should serve as agonists for endothelial and epithelial 
calls. There is no obvious precedent for this dual role of CDl* 
as receptor in one form and cofactor in another. 

At first fiance, the NHS immujdodftpletion daxa and the 
serum-free medium repletion data may seem partially con- 
Lradittdry. Thus, immimodeplttlon of LBP from 2% NHS 
blocks HUVEC activation despite the remaining presence of 
sCD14 in the NHS. However, consideration of the concen- 
trations of sCD14 and LBP in NHS removes this apparent 
contradiction. sCDl4 is present at 2^6 Mg/rol (8, 24) in NHS. 
Thus, sCDl4 should be present in the immunodcplcted 2% 
NHS at 40-120 ns/ml. At this concentration or sCD14. the 
activation of the cells is strongly enhanced by LBP, as sho*n 
in Fig. 2 B and C. Furthermore, in NHS there are other 
proteins and lipoproteins among which LPS can partition. 
Thus* we would expect the dependency on LBP and CD14 to 
be more stringent in NHS than in serum-free medium fortified 
with either sCD14 or LBP. However, it is also possible that 
the requirement for LBP in association of LPS with sCDH is 
less stringent than lor association of LPS with MO mCDM. 

The generality of these results is of some interest. Among 
endothelial cell* we have tested HUVEC and HB£C with 
similar results. It seems likely that the bovine brain endo- 
thelial cells studied by Patrick et ai. (15) also are responding 
to CD14-LPS complexes, and thus the pathway described 
here may be general for endothelial cells. Among the epithe- 
lial cells tested, the two colonic adenocarcinoma cell lines 
were responsive to CD14-LPS complexes. Primary cultures 
of epithelial cells have been shown to respond to endotoxin, 
but their dependency on CD14 was not tested (3 J). 
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Fio. 7. Schematic diagram of ihe LPS-, LBP-, and CD14* 
dependent activation Of M* or endothelial and epiiheliat cells (EC). 
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Obviously, the nature of the cellular receptor for the 
CD14-LPS completes on the endothelial and epithelial coU« 
is of considerable interest, although not addressed by these 
results. That there is a specific receptor for LPS On iJiesc ceils 
is indicated by tho data showing specific binding of PHjLPS 
to the S^ttQ cells. There is the possibility that endothelial 
and epitbclial cells express very low levels of mCDM and that 
the rnCD14 acts as the cellular receptor for SCD14-LPS 
complexes. If so, the roCDH on endothelial cells and M* 
have different properties with regard to LBIMLPS complexes 
because LBP opsonizes LPS-coated panicles for Md> but not 
for HUVEC (3). Similarly, LB* enables M* to respond to 
LPS in the absence of other proteins but does not enable 
either the HUVEC or SW620 cells to respond. Thus, our data 
suggest that the endothelial and epithelial ceD receptors) for 
CD14-LPS complexes are distinct from receptors) for 
LPS-BP complexes. 

Note la Proof. A functional rok for &CD14 has been proposed 

(27). 
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